The fundamental characteristics and physical properties of kenaf (Hibiscus cannabinus L.) fibers cultivated and subjected to three different water frequencies in Universiti Putra Malaysia, were analyzed. For deep analysis, which includes micro-scale viewing for identification of kenaf cell wall structure, fibers were viewed in order to study the physical characteristics, anatomy, and lignin distribution. The chemical composition was determined considering Technical Association of Pulp and Paper Industry (TAPPI) methods. Water stress treatments were imposed on the plants four weeks after germination when they had attained more than four leaves: daily watering based on soil field capacity (100% ER; well watered), water stress imposition 1 month after seedling establishment completion (1MAS) and water stress imposition at flowering stage (AFS). Each water treatment was replicated three times in a randomized complete block design (RCBD) in split plot arrangement with water treatments as the main plots and the varieties as the sub-plots; irrigation system was applied for the purpose. Different water treatments and different varieties at the end of experimental period had significant impact on fiber dimensions and physiological attributes. Fiber quality attributes, gas exchange rate and growth parameters were affected in negative way when all varieties had been subjected to water stress regardless of time of stress imposition.
Introduction
As we all know water is abundant on earth covering almost 71% of the total surface, its distribution is not uniform and can easily cause restrictions in availability to plants production. Such restrictions at global scale are easily observed in dry climates and can occur in other regions (IPCC, 2011) . The impact of water restriction on losses in the production and distribution of plants on the earth are significantly larger than all other losses which are caused by biotic and abiotic factors. This huge impact of water on plants emerges from its physiological importance, being a fundamental factor for successful plant growth, involving photosynthesis and many other biochemical processes such as the synthesis of energetic composites and new tissue. Thus, in order to evaluate and determine the growth and productive behavior of plant species it is indispensable to have an understanding of plant water relations and the consequences of an inadequate water supply as well. Generally, the water state of each plant is controlled by relative rates of loss and absorption, additionally it depends on the ability to adjust and keep an adequate water status.
When a plant is under water deficit, there would be different types of responses at physiological, biochemical and molecular scale (Shao et al., 2008) .
Physiological responses are directly linked to a condition of recognition of stress by the root system, turgor changes and water potential and as a result stomatal conductance, internal CO 2 concentration and photosynthetic activity would decrease. Considering biochemical terms, there will be a decrement in the photochemical activity of photosynthesis, Rubisco enzyme activity and the accumulation of secondary metabolites linked to stress (such as glutathione and polyamines). When plants go into a condition of water deficit and the cells hydration is reduced, abscisic acid and solutes will increase in the plant, especially in the root system (the increase in solutes take place in a relative manner, due to water reduction). These factors will bring reduction of stomatal conductance and photosynthetic activity which finally will result in a reduction in the synthesis of proteins and cell walls and a decrease in the rate of cell expansion as well (Taiz and Zeiger, 2006) . The sum of these responses to water deficit contributes to explain the reduction of plant growth.
During the time, plants have developed ecological
and physiological responses and strategies in order to cope with water shortages caused either by stress avoidance or stress tolerance. These types of responses allow them to survive and even to maintain some growth under adverse conditions. Plant response depends on the nature of the water shortage inducing physiological responses to short-term changes, acclimation to a certain level of water availability and adaptation to drought. Crop productivity and yield can be influenced by many physiological processes and environmental factors (Hattori et al., 2013; Quezada et al., 2011) . It is well known that water deficit affects every aspect of plant growth, modifying anatomy, morphology, physiology and biochemistry (Eamus, 1991; Raza et al., 2013) .
The high tolerability and quick recovery in kenaf is presumed to depend on photorespiration, by which the excessive energy in leaves was effectively dissipated to protect the photosynthetic apparatus. As mentioned above, the specific feature in photosynthetic response of kenaf is characterized by the following two points:
one is the sustaining of a high CO 2 exchange rate as a great CO 2 sequester under the normal growth condition (Khalatbari et al., 2014) and the other is the increase in photorespiration rate under the drought conditions. Prolonged drought leads to retarded growth, reduced yield, and may cause death. There has been some debate as Information relating water use efficiency of kenaf cultivars specifically these three varieties is very scanty and has not been explored in detail, and knowledge on this can hold the better perceptive of kenaf physiology that finally affects its growth, biomass productivity and the most prominent aspect which is fiber quality.
The objectives of this study were: 1). To evaluate growth parameters of selected varieties especially growth attributes such as shoot height and stem diameter in terms of fiber yield under different water frequency. 2) To determine gas exchange rate and water relations of these varieties subjected to different times of water impositions. 3). To determine the best kenaf variety under water frequency treatment in terms of fiber quality focusing on lignocellulose attributes.
Materials and Methods

Experimental site
The experiment was conducted at glasshouse at Taman Pertanian University (TPU), Universiti Putra Malaysia (UPM). The experimental site was at latitude of N 02°59', longitude E 101°43' and altitude of 64 m above the sea level. The mean daily temperature was 28 °C (min: 23, max: 35) with mean relative humidity of 80-90% and the photosynthetic active radiation (PAR) of 700 to 800 µmol m -² sec -1 . 
Plant material, study area
Water treatment application
The seedlings were subjected to uniform irrigation of 100% field capacity every day from sowing to 30 days after sowing. This was to ensure uniform seedling establishment before the imposition of the water treatments. Water stress treatments were imposed on the plants four weeks after germination when they had reached four-leaf stage. The plants were irrigated by drip irrigation system considering the method of evapotranspiration replacement (ER) (Klapwijk and De Lint, 1974 
Gas exchange parameters
Photosynthetic gas exchange was measured at the end of experimental period using a portable photosynthesis system (LI-6400, LICOR, inc. Lincoln, Nebraska USA). Measurement of gas exchange was done following the procedures described by Kubota and Hamid (1992) . As measurement environrnents, the instrument was set with a light intensity of 800 µmol m-² s -1 photosynthetic active radiation, leaf temperature of 30 °C and air relative humidity of 80% were used. The fully expanded leaves on 5th nodes of plants were selected randomly in each experiment. In each experiment, 10 plants of each variety were measured in the morning at 0800 h to 1000 h as being recommended by Hiromi et al., (1999) . 3 leaves of each plant were measured in each experiment giving a total of 30 measurements per variety were sampled every time.
Water relationship parameters
All water relations measurements were made on the fully expanded leaf at the 5th node from the apex. Total water potential was determined in the glasshouse using Scholander pressure chamber (Model 615, Plant
Water Status Console, Santa Barbara, CA). All measurements were made every 3 weeks in the evening at 1700 h to 1900 h (Ogbonnaya et al., 1998) .
Physical properties of fibers and their values
Stem samples for the fiber studies were obtained from the second internode counting from the base. Small slices or slivers (fiber bundles) for maceration obtained from the bast and from the central wood core
were macerated by 67% HNO 3 and then were boiled in water bath for 5 minutes (the time of boiling has been modified from 10 minutes to 5 minutes in order to prevent any fiber slivers deterioration which could be possibly done by presence of 67% HNO 3 ). Fiber suspension that had been dyed with toluidine was finally placed on microscope slides to be viewed. Fiber samples were teased on slides and viewed under a calibrated microscope for the determination of the following fiber dimensions below. A total of 8 fibers
were measured for each sample and mean values calculated for fiber length (fl), fiber diameter (fd), fiber lumen diameter (fld) and fiber wall thickness (fwt) (Ogbonnya et al., 1998) .
Chemical analysis
The proportions of chemical properties in these three varieties of kenaf bast and core fibres were determined based on approved standard of Technical Association of Pulp and Paper Industry (TAPPI standard). 
Results
After 3 months of experimental period, physiological attributes and water relation except for total leaf number were significantly affected by the interaction between different times of water stress imposition at different growth stages and different varieties (P≤0.05) ( Table 1) . There were also obvious differences in the parameters recorded as a result of either differences in different times of water stress imposition or varieties used in this experiment, these attributes were found to be higher under control water treatment (no stress) compared to other 2 water stress imposition consist of 1 month after seedling completion (1MAS) and at flowering stage (AFS) ( Table   1 ). Sufficient information on the impact of water stress on growth and the recovery which could probably occurs after stress is of value both for planning irrigation strategies and for assessing the prospects for production in tropical area like Malaysia. 
Gas Exchange measurement
Gas exchange attributes like net photosynthesis rate and stomata conductance showed significant differences among the water treatments, different varieties and their interaction at the end of experimental period (P≤0.05) ( Table 1 ). All varieties subjected to control water treatment with no stress attained higher value for gas exchange rate and water relation ( Means in the same row followed by different letters indicate a significant difference according to DMRT (P≤ 0.05).
MPa whereas V36 and KK60 recorded water potential of -1.33 MPa (Table 2) .
Fiber dimension
The effects of different water treatments on the fiber dimensional properties of three kenaf varieties are presented in Table 3 . The core and bast fiber properties of the three kenaf varieties were affected by different water treatments but for different varieties it was significant for all attributes except for bast fiber length and core lumen diameter. The interaction
Water relationship measurement
The leaf water potential value at the end of experimental period is presented in (Table 4) .
Control water treatment (no stress) recorded the highest bast and core lumen diameter (10.17 µm and 17.37 µm) whereas the lowest value belonged to varieties under water stress treatment of 1 MAS for bast and core (7.11 µm and 14.24 µm respectively) ( Table 4 ).
For cell wall thickness attribute it was observed that all varieties subjected to control water treatment attained the highest value for bast (4.56 µm) and for core (3.44 µm). Water treatment of 1 MAS had the lowest cell wall thickness for bast and core fiber (4.01 µm and 2.85 µm respectively) ( Table 4) . water treatment is due to higher fiber length and lower fiber diameter which would bring higher quality to fiber. The highest bast coefficient of suppleness was recorded by variety FH991 (49.33) and was followed by varieties V36 (40.98) and KK60 (39.22).
For core, the highest coefficient of suppleness was recorded by varieties V36 with ratio of 66.79 and KK60 with ratio of 66.42 whereas variety FH991 attained the ratio of 62.60 (Table 6 ). Low runkel ratio (≤ 1) is essential for proper and good paper characteristics. Therefore, it implies that runkel ratio determines the suitability of fiber for paper production.
In this experiment the lowest bast rukle ratio was recorded by variety FH991 (0.60) and was followed by varieties V36 with ratio of 1.26 and KK60 with ratio of 1.40. Considering core runkle ratio, the lowest ratio belonged to varieties KK60 and V36 with ratio of 0.36. Variety FH991 attained the ratio of 0.42 (Table 6) .
Fiber values
The effects of different water treatments on the fiber derived values of three kenaf varieties are presented in Table 5 . For bast fiber, slender ratio and runkle ratio were affected by different water treatments but core it was just slender ratio which had significant difference among different water treatments (P≤ 0.05 
Chemical properties
The effects of different water treatments on the fiber chemical properties of three kenaf varieties are presented in Table 7 . Bast and core lignocellulose properties of the three kenaf varieties were affected by different water treatments (P≤ 0.05). Different varieties had no significant impact on these properties except for bast holocellulose and there was no significant interaction observed except for bast lignin and core α-cellulose (Table 7) .
The chemical composition of kenaf lignocellulose is priceless information on feasibility of plant material for paper making purposes. The highest bast and core lignocelluloses belonged to all varieties under control water treatment (no stress) ( Table 7 . ANOVA split-plot arrangement based on randomized complete block designed (RCBD) for bast and core lignocellulose and fiber yield of three varieties of kenaf namely: FH991, V36 and KK60 subjected to three different water regimes. (Table 8) . As it is presented in Table 7 , different varieties had no significant impact on lignocellulose properties of bast and core except for bast holocellulose.
There was no significant difference between varieties FH991 and V36 on bast holocellulose. 
Discussion
There are several available methods for scheduling irrigation of crops such as fixed time interval, meteorological variables, and soil moisture content that are not completely considered as satisfactory due to the scientific explanation in which plant growth is controlled directly by plant water status and then indirectly by soil water status and atmospheric conditions (Kramer, 1983) . In this experiment important fundamental characteristics and physical properties of kenaf fibers were considered for water treatment application. For kenaf 1 month after seedling establishment until flowering phase (20% of flowering) is critical period for fiber production and formation. earlier stated that growth is sensitive to a period of water stress which makes it important to have information on the effect of water stress on fiber quality of kenaf where the economic yield is based on all the above-ground growth and have been indicated in other studies by Shukor et al., (2009) and Hossain et al., (2011) . In present study, higher stomata conductance, photosynthesis rate and transpiration rate belonged to all varieties under control water treatment (no stress) especially variety FH991. This result is due to lower water potential of plants which leads to higher stomata conductance and therefore higher gas exchange rate and higher photosynthesis rate. This result is in agreement with Kramer (1983) previously stated that when water deficit occurs in the soil, leaf water potential would decline thus, results in stomata closure and decrement of CO 2 uptake and limitation in photosynthesis rate.
Ultimately there will be wilting and dramatic impairment of many metabolic functions.
In present study it was observed that Kenaf can be described as opportunistic plant in relation with different water treatment. When soil water is available kenaf shows a high rate of stomatal conductance and transpiration but when water availability reduces leaf (Kramer, 1983) , when kenaf matured, stomatal conductance and transpiration rate decreased even in the adequately watered control. All the levels of stress brought stomatal conductance and transpiration to almost zero. Kenaf was also observed to roll its leaves under drought condition but interestingly in present study no leaf rolling was observed for water stress treatment of AFS which probably describes a quick recovery by plants when were well-watered after stress imposition.
Results from this experiment showed that water stress treatments of 1 MAS and AFS had negative impact on the core and bast fiber dimensions when compared with adequately watered control which is not in agreement with the findings of Ogbonnaya et al. (1998) that reported water deficit had little or no effect on the bast and core fiber quality. Differences in fiber quality indicated that when plants were subjected to water stress fiber dimensions namely fiber length, fiber diameter, fiber lumen diameter and cell wall thickness changed.
Plants subjected to water stress would have the reduction in transpiration rate which may also be attributed to some prominent morphological changes such as increased cell wall thickness and cell wall lignifications. , et al., (2007) reported that core and bast fiber length of the three kenaf varieties were not adversely affected by water deficit. The optimum values of bast and core fiber elongation were obtained at late stage of growth. He also stated that this property was enhanced by the adequately watered control. In some studies optimum values of fiber lumen diameter obtained at the end of growth for both core and bast under the control water treatment and enhanced by moderate stress (Nkaa et al., 2007) . Results from this experiment showed that water stress treatments of 1 MAS and AFS had negative impact on the core and bast slenderness ratio when compared with adequately watered control which is not in agreement with the findings of Ogbonnaya et al. (1998) that reported water deficit had little or no effect on the wood and bast slenderness ratio. Differences in ratios (fiber values) indicated that when plants were subjected to water stress fiber dimension namely fiber length, fiber diameter, fiber lumen diameter and cell wall thickness changed (these attributes are main components of fiber values) (N'kaa et al., 2007; . and Nkaa et al., (2007) indicated that the chemical composition of bast and core samples from different cultivars grown under control and water stress conditions was different and core fiber had higher lignin percentage than bast fiber especially when plant had been irrigated well. 5.
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Conclusion
In conclusion, Growth, gas exchange rate and fiber quality attributes were affected in negative way when all varieties had been subjected to water stress regard- 
